Binary diffraction optical element was designed for polarization conversion from linear to radial. A grating period was equal to 400 nm, a relief height was equal to 110 nm. Simulation by FDTD method and Rayleight-Zommerfeld integral shown that there are radial polarized light beam in the far field with smooth angle dependence on the beam circle observation position. It was shown experimentally, that a gaussian laser beam with wavelength of 633 nm reflected from the polarization conversion plate contain a radially polarized light.
INTRODUCTION
The use of subwavelength diffractive gratings for manipulation with polarization of laser light was introduced in [1] for the first time. In [2] [3] subwavelength diffractive gratings was used for conversion of polarization. When linearly polarized light reflected from this grating it rotates depending of an angle between incident light polarization and directions of grating grooves. Circularly polarized laser light with wavelength of 10.6 um was converted to azimuthally polarized light using binary subwavelength diffractive grating with curved grooves and varying period in [2] . The period of grating was varying from 2 um to 3 um, radius was equal to 9.6 mm. In [3] phase grating converted left circularly polarized light to radially polarized light and right polarized light to azimuthally polarized light. Grating was manufactured in GaAs substrate (index of refraction equal to n = 3.13); grating had diameter of 10 mm, period was varying from 2 mm to 3 mm, relief height was equal to 2.5 um, wavelength was equal to 10.6 um. In [4, 5] grating proposed in [3] was upgraded. This grating converts laser light with circular polarization to radially polarized light with high efficiency. Polarization converter for near infrared light (with wavelength of 1.064 um) was investigated in [6] . In [6] also a binary subwavelength grating was used. The grating had diameter of 1 mm, period of 240 nm, relief depth of 470 nm. The grating converts linearly polarized laser light to radially polarized light. In ref. [2] [3] [4] [5] [6] proposed elements transmit light to convert it.
In our research we propose a reflective four-zone binary subwavelength micrograting for visible light conversion from linear polarization to radial polarization. [7] 
DESIGN OF CONVERSION PLATE
In our numerical simulation we used FDTD-method implemented in FullWave (http://optics.synopsys.com/rsoft/). Gold was used as a material of the proposed diffractive optical element (DOE). Figure 1 shows the directions of polarizations of incident and reflected from DOE light. On fig.1 α is an angle between polarization of incident light and direction of gratings grooves, θ is an angle between polarization of incident light and the light reflected from the DOE. E 1 is the incident electric field vector; E 2 is the reflected electric field vector. Fig. 2 shows the polarization angle of reflected light θ as a function of incident polarization angle α for a grating with height of h = 110 nm, produced in gold film (index of refraction for wavelength of λ=633 nm was equal to n=0,312+3,17i). Period of DOE was equal to 0.4 um. Intensity of refracted light strongly depends from angle α. To decrease the difference between intensities of light refracted from different parts of element designed DOE was divided onto 4 parts. All parts have similar index of reflection. Polarization angles θ was equal to -135°, -45°, 45°, 135°, angles of grating grooves α was equal to -70°, -40°, 40°, 70°,consequently. Figure 4 shows the sketch of designed structure. To estimate the effectiveness of focusing light we numerically simulate the focusing of light using binary microaxicon with period of T = λ at a distance of λ/2 from its surface. The refraction of light from DOE was simulated using FDTDmethod, then using Rayleigh-Sommerfeld integral we calculate a light field distribution at a distance of z = 200 nm from the DOE. Propagation of light through the subwalength axicon was calculated using FDTD-method. Axicon has refractive index of to n = 1.5, and relief height of h = 1.266 um. Substrate was not taken into account (axicon rings was located in free space). Figure 6 shows intensity distribution in focal point of the axicon. 
MANUFACTURING AND EXPERIMENT
To manufacture polarization converter a gold layer with thickness of 160-180 nm was coated on a glass substrate. Then gold layer was covered with resist. Mask of four-zone polarization converter was projected on a resist using electron beam. The element was etched in xylene, which dissolves resist exposed by the electron beam. Using an ion etching mask was transformed into a gold layer. Finally resist were removed using oxygen plasma. The height of manufactured DOE was about 110 nm. Figure 9 shows the SEM image of a central part of designed grating-polarizer. The size of manufactured polarizer was 100x100 um. 
CONCLUSION
A four zone subwavelength binary diffraction optical microelement (size of 100x100 mkm) for polarization conversion from linear to radial was calculated and designed. A grating period was equal to 400 nm; element was manufactured for a wavelength of 633 nm in a gold film with height of 110 nm. Simulation by FDTD method and Rayleight-Zommerfeld integral and experiment shown, that there is a radial polarized light beam in reflected light.
